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ARSET 



NASA Applied Sciences and Capacity 
Building 
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National and international activities to 
engage and train users applying NASA 
Earth Science satellites and modeling data 
in their decision making activities 



NASA	Applied	Science	:	Capacity	Building	Program		

Applied Remote SEnsing Training, ARSET 
(GSFC) 
On-line and hands on basic/advanced 
trainings tailored to end-uses organizations 
 
DEVELOP (LaRC national office) 
Dual student/local government capacity 
building using collaborative projects 
 
SERVIR Coordination Office (MSFC) 
Building international capacity with hubs in 

- East Africa  
- Hindu Kush - Himalaya  
- Mesoamerica 

 
Gulf of Mexico Initiative, GOMI (SSC) 
Building Gulf region’s capacity for local 
environmental management 
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NASA Earth Science 
Applied Sciences Program 
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Applications to Decision Making:  Thematic Areas 



GOAL:  
 

Increase utilization of NASA 
observational and model 
data for decision-support   
 
 
 
 
                                
       

 
 
 

 
Applied Remote Sensing Training (ARSET) 

Objectives: 
 
•  Provide end-user communities and 

institutions with professional hands-
on technical workshops 

 
•  Build long term partnerships with end-

user communities and institutions in 
the public and private sectors 

ARSET 
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ARSET Trainings by Societal Benefit Area 
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2008 –  2014:  + 1600 End-users 
         :  + 400 organization 



ARSET: 2008 – 2014 
+1600 End-users Reached 
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Number of participating organizations per 
country: Air Quality, Water Resources, 
Flood Monitoring. 



Satellite Remote Sensing of Air 
Quality 

? 



Motivation – tiny but Potent 
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Pollution and Breathing 



Pollution and Health 



Pollution Suppresses Rain 

Pollution reduces size of 
 cloud droplets 
 
Shuts off rain processes 



Pollution affects rice harvest 



No boundaries for pollution 



Thus Monitoring… 

From Space 

From Surface 



Why Satellite ? 
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Brauer M, Ammann M, Burnett R et al.  
 GBD 2010 Outdoor Air Pollution Expert Group 
2011  Submitted –under review 

Global Status of PM2.5 Monitoring 

Ground 
Sensor 

Network 

Population 
Density 

µ  Many countries do not have PM2.5 mass measurements 

µ Spatial distribution of air pollution from existing ground  
network does not support high population density 

µ Surface measurements are not cost effective 

µ How about using remote sensing satellites?   

§  2400 out of 3100 counties in the US (31% of total 
population) have no PM monitoring in the county.  



Aerosols from satellite 

 Several satellites provide state-of-art aerosol 
measurements over global region on daily 
basis   

Aerosol	Op;cal	Thickness	MODIS	AQUA	

Winter Spring 

Summer Fall 

Haze	&	
Pollu;on	

Pollu;on	&	
dust	

Dust	

Biomass	
Burning	

Biomass	
Burning	



Annual Mean PM2.5 from Satellite 
Observations 

van Donkelaar et al., 2006, 2009 
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Number of Earth Observing Satellites Provides 
Measurements of Atmosphere, Land and Ocean 

 



Principal Satellites in Air Quality Remote Sensing 

2300 Km  
MODIS 

2400 Km  
OMI 

1Km 
CALIPSO 
(CALIOP) 
 

380 Km 
 MISR 

3000 Km  VIIRS 



To of the Atmosphere 

10 km2 
Vertical 
Column  

Earth Surface 

Surface 
Layer 

PM2.5 mass concentration 
(µgm-3)  -- Dry Mass 

What is our interest and what we 
get from satellite? 

Aerosol Optical 
Depth               Particle size 

              Composition 
              Water uptake 

              Vertical Distribution 



Empirical Ways to Estimate PM2.5 

Chu et al., 2003 

Wang et al., 2003 



Gupta, 2008 

AOT-PM2.5 Relationship 



PM2.5 Estimation: Popular Methods 

Two 
Variable 
Method 

Multi-
Variable 
Method 

Artificial 
Neural 

Network 
•    

MSC 

AOT 

P
M

2
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 Y=mX + c 

and Empirical Methods, Data Assimilation etc. are under utilized  

Difficulty Level 



Application of 
Satellite 

Observations 
during bushfires 

in Sydney, 
Australia 

Gupta and Christopher, 2007 



Air Quality Trends: Birmingham, AL 

A decreasing trend in 
annual PM2.5 was noted 

with the almost 22% 
reduction in PM2.5 mass 

concentration was observed 
in 2006 compared to 2002. 

Gupta and Christopher, 2008 

MODIS-Terra Collection 5, 
Level 2, 10 km2 AOTs for 

2000-2006 

Daily 
Monthly 

Yearly 



Another view of air quality over global 
regions 

Satellite derived air quality conditions are poor in almost all of 
the global mega cities with population more than 10 million 

Gupta, 2008 



Aug 25 
Aug 28 

5 km 

(courtesy of Dave Winker, P.I. CALIPSO) 

Example of CALIPSO Data: Major Saharan Dust Transport 
Event: Aug 17-28 



Aerosols  - Particulate Matter 
(PM10, PM2.5) 

o  MODIS 
o  MISR 
o  OMI 
o  VIIRS 
o  POLDER 
o  CALIPSO 
o  GOES 

n  GOES-R 
n  TEMPO 
n  PACE 
n  GEO-CAPE 



Trace Gases 



June-Aug 
2006 

Sept-Nov 
2006 

Ozone below 10 km from a NASA satellite  

Courtesy – P.K. Bhartia 



CARBON MONOXIDE 

Pollution Gas - MOPITT 

Courtesy – P.K. Bhartia 



NO2 Trends over United States 

http://www.nasa.gov/content/goddard/new-nasa-images-highlight-us-air-quality-improvement/
#.VBmon_ldWSo 



NO2 Trends over New York City 



NO2 Trends over Atlanta 



NO2 & SO2 from OMI 
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courtesy: Lok Lamsal 

Lu et al., 2013 

OMI NO2  
Trends 

OMI SO2  
Trends 



What you get to learn at a 
typical ARSET training? 

 
 

 Or 
 

How ARSET can help? 
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Fundamental of Satellite Remote 
Sensing 

Remote Sensing 
Process 

Observation Geometry 

Resolutions 

Orbits 



Earth Observing Systems 
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What can we learn from true color 
imagery?  Access & Interpretation 

Clouds 

Aerosol
s over 
land 

Aerosol
s over 
ocean 

Glint 

Snow 

Aerosols 
over land 

Data 
collection 

gap  

Clouds 

MODIS Terra 
Image from April 
19 2013 



Radiance -to- Aerosol Products 

High 

Low 
No 
Retrievals 

Satellite Algorithms 
 
 



Data Formats, Reading, Understanding & Visualization 
 
 



Vertical Profiles of Aerosols 
 



 
 

From Satellite to PM2.5 to Air Quality Index  

Satellite 
versus 
monitor 

AQI for the 
U.S 

Midwest 

Particulate Matter Air Quality from Space 



RGB 
TEST # 
1 TEST # 

2 TEST # 
3 

TEST # 
4 

DUST 

AOD   

Dust & Smoke Monitoring 



Model-Satellite Inter-comparison  

CMAQ Model NO2 OMI NO2 



Dust from Mongolian Deserts reaches the US 

Long Range Transport 

Smoke travels around the world in 11 days 



AERONET over CCNY 
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An ARSET/AQAST Collaboration 
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Data User Guide 

Bryan N. Duncan, Ana I. Prados, Lok N. Lamsal, Yang Liu, David G. 
Streets, Pawan Gupta, Ernest Hilsenrath, Ralph A. Kahn, J. Eric Nielsen, 
Andreas J. Beyersdorf, Sharon P. Burton, Arlene M. Fiore, Jack Fishman, 
Daven K. Henze, Chris A. Hostetler, Nickolay A. Krotkov, Pius Lee, Meiyun 
Lin, Steven Pawson, Gabriele Pfister, Kenneth E. Pickering, R. Bradley 
Pierce, Yasuko Yoshida, Luke D. Ziemba, Satellite data of atmospheric 
pollution for U.S. air quality applications: Examples of 
applications, summary of data end-user resources, answers to 
FAQs, and common mistakes to avoid, Atmospheric Environment, 
Volume 94, September 2014, Pages 647-662, ISSN 1352-2310,  
http://dx.doi.org/10.1016/j.atmosenv.2014.05.061.  
 
(http://www.sciencedirect.com/science/article/pii/S1352231014004270) 
 


